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[Claims] /2* 

[Claim 1] A fuel cell characterized by an electrocatalyt ic layer 
being present on an electrode substrate, the electrocatalyt ic layer being 
obtained by binding a catalyst carrying a ternary alloy consisting of 
platinum, iron, and nickel onto a carbon carrier by means of a binder. 

[Claim 2] A method for manufacturing a fuel cell, characterized by 
having a first process, a second process, and a third process, the first 
process being a process in which nickel hydroxide and iron hydroxide are 
deposited on platinum-carrying carbons, the second process being a process 
in which the carbons having the hydroxides deposited on them are 
heat-treated at a temperature between 800 and 1000°C to produce a catalyst, 
and the third process being a process in which the electrocatalyt ic layer 
having the above catalyst bound to it by means of a binder is layered 
on an electrode substrate. 

[Claim 3] A method defined in Claim 2 for manufacturing a fuel cell, 
characterized by the hydroxides being deposited by admixing aqueous 
ammonia to a mixed solution of nitrates to adjust the pH to 8, by 
ultrasonically dispersing the resultant suspension to prepare a 
homogeneously mixed solution, and by allowing this homogeneous mixed 
solution to contact carbons that carry platinum. 

[Claim 4] A method defined in Claim 2 for manufacturing a fuel cell, 
characterized by the heat treatment being carried out under a nitrogen 
current . 

[Detailed Description of the Invention] 
* Claim and paragraph numbers correspond to those in the foreign text. 
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[0001] 

[Industrial Field of the Invention] This invention relates to the 
electrocatalytic layer of a fuel cell, specifically to its catalytic 
material and its manufacturing method. 

[0002] 

[Related Art of the Invention] In general, a gas-diffused electrode 
for a fuel cell is made by layering on a porous carbon electrode substrate 
having excellent electric conductivity an electrocatalytic layer in which 
catalytic powder carrying a noble metal is bound by means of 
polytetraf luoroethylene . 

[0003] The homogeneous coexistence of the three phases consisting 
of oxygen or hydrogen, which is the supplied reaction gas, a phosphoric 
acid electrolyte, and a catalyst inside the abovementioned 
electrocatalytic layer enables the extraction of the electrochemical 
reactions as direct electric energy. 

[0004] Figure 1 is a schematic cross-sectional drawing of the 
electrode structure of a fuel cell. The fuel cell is composed of an 
electrode substrate 1, which is made of porous carbons having air or 
hydrogen passages, and an electrocatalytic layer 5, which is obtained 
by blending a catalyst 3 carrying a platinum catalyst 2 with PTFE 4 that 
demonstrates appropriate water repellency. The coexistence of the three 
phases, which consist of the air and hydrogen supplied as reaction gases 
and the phosphoric acid acting as the electrolyte, on the catalyst particle 
surfaces in the electrocatalytic layer generates electrochemical 
reactions, and electric energy can be directly extracted from it. 
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[0005] Conventionally, a catalyst employing platinum, which has 
corrosion resistance against high-temperature phosphoric acid, is 
utilized as the catalyst for a phosphoric acid fuel cell. The catalyst 
has an extremely important function in the electrode reactions, and it 
is necessary to increase the activity and stability of the catalyst to 
improve the output and life of the cell. 

[0006] In general, a liquid-phase reducing method has conventionally 
been utilized as the method for manufacturing platinum catalysts. More 
concretely, carbon black carrying platinum is subjected to an acid 
treatment by means of nitric acid or glacial acetic acid so that it will 
be easily dispersed in a liquid phase. It is then combined with platinum 
necessary for it to carry an aqueous solution of platinic chloride, and 
after adjusting the liquid temperature to 40 through 90 °C, the platinum 
is reduced by dripping hydrazine or formic acid. 

[0007] To further increase the activity of the catalyst, a secondary 
metal component, such as vanadium, chromium, cobalt, nickel, iron, etc., 
is combined and alloyed with the catalyst carrying platinum. First, the 
above-described catalyst in which platinum has been reduced is dispersed 
again in an aqueous solution, and nitrate, which is the second metal, 
is combined with it, and the second metal is deposited on the carbon 
surfaces as a hydroxide by means of an alkali agent, such as potassium 
hydroxide, sodium hydroxide, or aqueous ammonia. This is filtered, rinsed 
with water, dried, and subsequently heat-treated at between 800 and 1000°C 
in an inert atmosphere to prepare an alloy catalyst. It is commonly known 
that the catalytic activity of an alloy catalyst obtained by combining 
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a platinum catalyst with another transition metal from groups IV through 
VIII in the above manner can be improved. To further achieve improved 
and stable activity, ternary catalysts have also been introduced. Examples 
include platinum/chromium/cobalt (Kokai No . 59-141169 ) , 

platinum/iron/cobalt (Kokai No . 62-163746 ) , and platinum/nickel/cobalt 
(Kokai No. 63-190254) . 
[0008] 

[Problems that the Invention is to Solve] However, these catalysts, 
although excellent in terms of their initial activities, exhibit property 
degradations in relatively short periods of time, and therefore, the need 
to improve their stability remains. This invention was devised in light 
of this point, and its aim is to supply a fuel cell having excellent 
properties and stability by developing a novel catalyst material and its 
manufacturing method. 

[0009] 

[Means for Solving the Problems] This invention accomplishes the 
abovementioned aim by forming an electrocatalyt ic layer on an electrode 
substrate, the electrocatalyt ic layer being obtained by: binding a 
catalyst carrying a ternary alloy consisting of platinum, iron, and nickel 
onto a carbon carrier by means of a binder; or by carrying out a first 
process, a second process, and a third process, the first process being 
a process in which nickel hydroxide and iron hydroxide are deposited on 
platinum-carrying carbons, the second process being a process in which 
the carbons having the hydroxides deposited on them are heat-treated at 
a temperature between 800 and 1000°C to produce a catalyst, and the third 
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process being a process in which the electrocatalyt ic layer having the 
above catalyst bound to it by means of a binder is layered on the electrode 
substrate . 

[0010] 

[Operation of the Invention] By using a plat inum/iron/nickel ternary 
alloy catalyst obtained by combining iron and nickel that demonstrate 
excellent stability and relatively high initial activities in a binary 
catalyst, both catalytic activity and stability can be improved. 

[0011] 

[Embodiment of the Invention] The present invention will be described 
based on an embodiment. 9g of carbon black, such as acetylene black, was 
admixed to 200ml of purified water. Next, lg of a platinic chloride aqueous 
solution was admixed to it as platinum (pt), and the temperature of the 
mixture was increased to 60°C. After the temperature stabilized, the pH 
was adjusted to 10 by means of a 2N solution of NaOH, and a 3% hydrazine 
solution was dropped as droplets to reduce the platinic chloride. After 
the reduction was completed, [the mixture] was filtered through a glass 
filter, rinsed, and dried, and a catalyst carrying platinum was obtained 
as a result. The platinum crystallite diameter of this platinum-carrying 
catalyst was 28A. 

[0012] Next, the alloying of the thus-obtained platinum-carrying 
catalyst will be described. First, the platinum-carrying catalyst was 
dispersed in 2 0 0ml of purified water . Separately from this, 0 . 15g of cobalt 
nitrate and 0.15g of iron nitrate were dissolved as cobalt (Co) and iron 
(Fe) , respectively, in 50ml of purified water. Aqueous ammonia was further 
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admixed to this solution to adjust the pH to 8, and a homogeneously mixed 
solution of iron and nickel that became hydroxides is prepared by using 
an ultrasonic disperser. This solution was admixed to a solution that 
had a platinum-carrying catalyst dispersed in it, aqueous ammonia was 
dropped as droplets to adjust the pH to 9, and [the elements] were allowed 
to contact one another thoroughly over a period of between 1 and 5 hours. 
Then, [the mixture] was filtered through a glass filter, was rinsed with 
water and dried, and was heat-treated at a temperature between 800 and 
1000°C in the presence of an nitrogen airflow. In this manner, a catalyst 
carrying the ternary alloy 2A can be obtained. 

[0013] The platinum crystallite diameter of an alloy catalyst 
prepared by the above method was 33A. The obtained platinum/iron/nickel 
ternary alloy catalyst was excellent in terms of both initial activity 
and stability in comparison to conventional alloy catalysts. Changes in 
the initial properties and crystallite diameters measured 1000 hours later 
are indicated in Table 1. 

[0014] 



[Table 1] 





Alloy 


Initial 


Crystallite 


Diameter of 




Component 


Properties 


Catalyst (A) 






3 0 0mA/ cm 2 


Before Test 


After Test 




Pt-Cr 


725 


35 


49 




Pt-V 


710 


39 


62 




Pt-Ti 


708 


38 


65 


Conventional 


Pt-Fe 


730 


33 


45 




Pt-Ni 


728 


32 


44 




Pt-Cr-Co 


729 


36 


46 




Pt-Fe-Co 


738 


35 


45 




Pt-Ni-Co 


739 


34 


45 


Invention 


Pt-Fe-Ni 


742 


33 


39 
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[0015] 

[Effects of the Invention] According to this invention, an 
electrocatalytic layer is disposed on an electrode substrate, and the 
electrocatalytic layer is obtained by: binding a catalyst carrying a 
ternary alloy consisting of platinum, iron, and nickel onto a carbon 
carrier; or by carrying out a first process, a second process, and a third 
process, the first process being a process in which nickel hydroxide and 
iron hydroxide are deposited on platinum-carrying carbons, the second 
process being a process in which the carbons having the hydroxides 
deposited on them are heat-treated at a temperature between 800 and 1000°C 
to produce a catalyst, and the third process being a process in which 
the electrocatalytic layer having the above catalyst bound to it by the 
binder is layered on the electrode substrate. Therefore, a ternary alloy 
catalyst that has small crystallite diameters and that demonstrates only 
little temporal changes can be obtained. As a result, a fuel cell having 
excellent properties and stability can be obtained. 

[Brief Description of the Drawings] 

[Figure 1] A schematic cross-sectional drawing showing the electrode 
structure of a fuel cell. 

[Explanation of the Reference Numerals] 

1 = electrode substrate 

2 = platinum 

2A = ternary alloy 

3 = catalyst 

4 = PTFE 
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5 = electrocatalytic layer 

[Figure 1] 




Key: 1) electrode substrate; 2)platinum; 2A) ternary alloy; 3) catalyst; 
5) electrocatalytic layer 
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